In this paper I study a model for a growing surface in the presence of anomalous diffusion, also known as the Fractal Kardar-Parisi-Zhang equation (FKPZ). This equation includes a fractional Laplacian that accounts for the possibility that surface transport is caused by a hopping mechanism of a Levy flight. I show that for a specific choice of parameters of the FKPZ equation, the equation can be solved exactly in one dimension, so that all the critical exponents, which describe the surface that grows under FKPZ, can be derived for that case. Afterwards, I use a SelfConsistent Expansion (SCE) to predict the critical exponents for the FKPZ model for any choice of the parameters and any spatial dimension. It is then verified that the results obtained using SCE recover the exact result in one dimension. At the end a simple picture for the behavior of the Fractal KPZ equation is suggested, and the upper critical dimension of this model is discussed. 
The Kardar-Parisi-Zhang (KPZ) equation [2] for surface growth under ballistic deposition was introduced as an extension of the Edwards-Wilkinson theory [1] . The interest in the KPZ equation exceeds far beyond the interest in evolving surfaces because of the following reasons: (a) The KPZ system is known to be equivalent to a number of very different physical systems. Examples are the directed polymer in a random medium, the Schrodinger equation (in imaginary time) for a particle in the presence of a potential that is random in space and time and the important Burgers equation from hydrodynamics [1] . (b) The second reason, that is more important, to my mind, is that it serves as a relatively simple prototype of non-linear stochastic field equations that are so common in condensed matter physics.
The equation for the height of the surface at the point r and time t, h r, t , is given by 2 2 h h h r, t t 2 (1) where automatically the constant deposition rate is removed and r, t is a noise term such that 0 r, t 0 r, t r ', t 2D r r ' t t ' .
As can be seen in eq. (1) the basic relaxation mechanism in the KPZ equation is a Laplacian term that results from nearest neighbor hopping in the growing surface.
During the last years, there has been a growing interest in other relaxational mechanisms [22] [23] [24] [25] , namely subdiffusive diffusion that seems to appear in the context of charge transport in amorphous semiconductors [26, 27] , NMR diffusometry in disordered materials [28] , and the dynamics of a bead in polymer networks [29] .
The theoretical effort to account for such phenomena led to the formulation of the celebrated fractional Fokker-Planck equation (FFPE) [22] . A very important quantity of interest is the roughness exponent that characterizes the surface in steady state. It is defined by the following relation 2 2 h r h r ' r r '
The roughness exponent is sometimes also defined using w L, t the roughness of the surface (that is defined as the RMS of the height function h r, t , in a system of linear size L). Then, in terms of w L, t , is given by
Another important quantity of interest is the growth exponent that describes the short time behavior of the roughness w L, t (with flat initial conditions) w L, t t (8) Finally, I introduce the dynamic exponent z that describes the typical relaxation time scale of the system (i.e. the dependence of the equilibration time on the size of the system)
It is well known [1] that these three exponents are not independent and that under very general considerations one should expect the following scaling relation z (10) (this relation is a direct consequence of the Family-Vicsek scaling relation [5] ).
In this paper I show that for a specific choice of parameters of the FKPZ equation (namely 2 ), the equation can be solved exactly in one dimension, so that all the critical exponents can be derived easily for that case. This solution is accomplished using the Fokker-Planck equation associated with FKPZ. Afterwards, in order to give a more complete picture (i.e. for any dimension d, and any spatial correlation index ) I apply a method developed by Schwartz and Edwards [6] [7] [8] (also known as the Self-Consistent-Expansion (SCE) approach). This method has been previously applied successfully to the KPZ equation. The method gained much credit by being able to give a sensible prediction for the KPZ critical exponents in the strong coupling phase, where many Renormalization-Group (RG) approaches failed, as well as Dynamic Renormalization Group (DRG) [2, 9] . It is then verified that the results obtained using SCE recover the exact result in one dimension.
In order to derive the exact result, notice that it is naturally more convenient to work with the Fourier components of eq. (3)
(from now on I use where q is the noise term that satisfies:
I now turn from the FKPZ equation in Langevin form to a Fokker-Planck form
where q P h , t is the probability of having a configuration q h at a specific time t.
By direct substitution, it can be verified that the following probability function (a Gaussian actually) 
[Since dynamic surface growth is a remarkably multidisciplinary field, there are almost as many notations as there are workers in the field. Therefore I give a brief translation of our notations to those most frequently used: 
These equations can be solved exactly in the asymptotic limit to yield the required scaling exponents governing the steady state behavior and the time evolution.
Working to second order in the expansion, one gets the two coupled integral equations 
where in deriving the last equation I have used the Herring consistency equation [10] .
In fact Herring's definition of q is one of many possibilities, each leading to a different consistency equation. But it can be shown, as previously done in [7] , that this does not affect the exponents (universality).
Detailed solution of equations (20) and (21) e tˆˆˆˆF , d t e t e t t e e t t e t t e t 1 t e td t t e t t e t 1
, (22) andê is a unit vector in an arbitrary direction. this result does not dependent on the ongoing debate over the existence of the upper critical dimension for the KPZ system (see [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] ). Actually, it merely requires that the roughness exponent of the classical KPZ system becomes arbitrarily small in higher dimensions -an assumption that is generally accepted (only Tu [21] had a different conjecture).
As one can see, the results obtained using the Self-Consistent Expansion (SCE) are quite general, and cover all possible values of the relevant parameters ( and ) as well as dimensions. It is also easily verified that these results recover the exact result obtained at the beginning of this paper for the case 2 . This situation, suggest that the SCE method is generally appropriate when dealing with non-linear continuum equations.
